Summary. The usefulness of small-fragment restriction endonuclease digest analysis (SF-REA) of group A streptococcal DNA with EcoRI, as a supplement to the more conventional T serotyping, was assessed for epidemiological characterisation. One hundred and thirty-five clinical isolates from 1988-1 990 were examined. SF-REA provided characteristic fingerprints of all isolates, whereas eight isolates were non-typable by T serotyping. Generally, there was a striking correlation between the results obtained with the two techniques. Furthermore, SF-REA reliably classified the eight T-non-typable isolates and occasionally revealed subgroups within the T serotypes. In addition, SF-REA was useful for the clarification of discrepancies between serotyping results from two different reference laboratories. No obvious correlation was observed between the DNA fingerprints and the clinical manifestations of infection or the geographical origin of the group A streptococcal isolates. SF-REA is a valuable supplement to T typing in epidemiological studies and frequently appears to be a more efficient tool for strain differentiation.
Introduction
Over the last few years the incidence, morbidity and mortality of infections with P-haemolytic streptococci of Lancefield's group A have increased in Norway,l as well as in several other parts of the and in some places there has been a resurgence of rheumatic Serotyping with antisera against the surface proteins M and T has been the standard approach in epidemiological studies of such infections.
M typing is associated with a higher failure rate than T typing, and the development and maintenance of a suitable bank of M antisera is cumbersome and expensive, and is now limited to only a few laboratories in the world. Occasional absence of M protein, altered antigenic determinants only weakly reactive with typespecific antisera, and the emergence of new non-crossreacting serotypes from mutations of typable strains that produce M antigens for which no typing sera are availables make M typing an even more difficult exercise.
T typing provides a means of labelling untypable M strains, but has the disadvantage that a single T antigen may be shared among several M types. Furthermore, the same M antigen may occur in strains with different T antigen^.^ The presence or absence of the opacity factor (OF) within a T type bears a predictable relationship to M types,9 so preliminary T typing followed by screening for OF, with or without subsequent M typing, has been practised for some time in epidemiological studies. Although serotyping gives valuable information, a proportion of isolates remains untypable even with the most comprehensive set of typing sera; therefore, there is a need for more reliable methods of strain differentiation, especially for epidemiological mapping of strains of group A streptococci of high virulence. lo Restriction endonuclease analysis (REA) has a potential for exact epidemiological mapping. With this technique, the extent of genomic similarity can be expressed as the percentage of identical bands in the DNA fingerprints to be compared. REA of group A streptococci, as a potential substitute for M typing, has been reported in the past." In the present study, we employed smallfragment restriction endonuclease digest analysis (SF-REA) for clonal differentiation, to assess its usefulness as a supplement to T and M serotyping and as an independent epidemiological tool.
Materials and methods

Bacterial isolates and serogrouping
The study included 135 isolates of group A streptococci obtained from clinical specimens at the Department of Microbiology and Immunology serving Identical patterns were considered to represent a single clone and those with 2 96% similarity were considered to be recently derived from the same clone.
Serotyping
All isolates were T typed and tested for the production of OF at the National Institute of Public Health (NIPH) in Oslo. M typing was performed on 24 selected isolates which included those from serious infections. T typing was based on agglutination with specific antisera (Chemapol, Kodafiska 46, 100 10 Praha 1 0-Visovice, Czechoslovakia). The presence of OF was determined by the method of Maxted and Widowson.13 M antigen was extracted with 0.2 M HCl and precipitated with specific rabbit antisera by a geldiffusion technique.
Independent T typing of 36 isolates was performed at the University of Umei. The strains were selected mainly from two categories : (i) isolates with a T type different from the one suggested by genotyping ; and (ii) isolates representing SF-REA subgroups, to seek further serotype differentiation.
Results
EcoRI provided characteristic and reproducible DNA fingerprints of all 135 isolates. Twenty-four SF-REA patterns (A-X), which differed from each other by more than 4 YO, were recognised; 11 patterns were represented by one isolate only (table 11) . No attempt was made to create a pedigree of these 24 patterns.
At NIPH, 127 isolates were serotypable and 11 T types were identified, three of which had both OF+ and OF -members. T typing failed with eight (6 YO) of the 135 isolates. The DNA fingerprints of four of these were identical to those of other isolates tested; two had patterns shared by serotype T12 OF -and one each by T25 OF + and T6 OF -. Each of the remaining four T-non-typable isolates had a unique fingerprint.
The correlation between the 24 SF-REA patterns and the corresponding serotypes is shown in table 11. The SF-REA groups D and E, classified as T4 OF+ and T4 OF -, respectively, showed 90 YO similarity.
The SF-REA groups F and G, though serotypically identical, differed by > 60% ( figure) .
At the University of Umeii, 15 of the 36 selected isolates were non-typable; the typing results of the others were consistent with those from NIPH. Ten of the non-typable 15 had been classified as T3, T3/B3264 or T3/13/B3264 OF + at NIPH. SF-REA revealed that these 10 isolates were genetically closely related (> 96 % similarity) to T12 M22. In fact, one of the isolates was re-checked in Umeg and typed as T12 M22. 
*These isolates were typed as T3, T3/B3264 or T3/ 13/B3264 OF + at NIPH and classified as T-non-typable in Umei; when one isolate was re-checked in the same laboratory, it was found to be T12 OF+ M22. ?These non-typable strains were characterised and grouped by REA. 6) and two T11 OF + isolates (lanes 8-9) . Members of the T3/ 13/B3264 complex reacted with some, but not all of the antibodies that characterised the complete complex. In addition to the 10 genotypically homogeneous members mentioned above, another 10 isolates belonged to this complex and REA characterisation of these isolates revealed seven distinct genomic patterns (table 11) : three were T13, OF+ M13 (SF-REA group J); two were T3 OF+ (SF-REA group K); two were T3/13/B3264 OF+ (SF-REA groups N and 0 ) ; one was T3/B3264 OF + (SF-REA group P); one was T3 OF -(SF-REA group Q); and one was T3/B3264 OF-(SF-REA group R).
The results of M typing and the correlation with T typing and fingerprint patterns are shown in table 111. The M antigen may or may not occur in isolates that are completely homogeneous by T typing as well as by REA.
The SF-REA results gave no indication of specific clonal patterns associated with particular clinical manifestations, geographical origin, age or sex of the patients involved.
Discussion
Generally, there was a striking correlation between the typing results obtained with conventional T typing combined with the serum opacity reaction and SF-REA and once the DNA fingerprint pattern was defined, it was possible to predict in most instances the corresponding serotype. Furthermore, at NIPH Ttyping failed with eight (6%) of the isolates, all of which were easily characterised by SF-REA; four of these eight were shown to be genetically identical to Ttypable isolates. Further problems associated with conventional serotyping are illustrated by the 10 isolates allocated at NIPH to the T3/ 13/B3264 complex, but recorded as T-non-typable in Umei. These 10 isolates were found by SF-REA to have close genetic similarity to the T12 M22 group. This result was supported in Umei upon re-checking one of the isolates in question. Such discrepancies in T typing have been reported and explained in the past ;' REA is useful under these circumstances.
The strains of SF-REA groups D and E could represent closely related clones, with loss of expression of the genes encoding the OF factor,'* or defective transcription or translation in group E. On the other hand, the absence of M 1 and M 12, respectively, within single SF-REA clones may indicate a modified phenotypic expression without major changes in the genome. It is well known that group A streptococci occasionally produce M-negative variants15 and this makes genotypic differentiation by techniques such as REA an attractive alternative to typing methods based on surface antigens. The advantage of genotyping for exact strain differentiation is further illustrated by the recognition by SF-REA of two distinct groups among the 15 apparently homogeneous T28 O F + isolates. Each of the two groups had an almost complete internal homogeneity, but differed from each other by > 60 YO. M typing in this instance would have been informative, but was not possible due to the unavailability of corresponding antisera. However, it should be realised that some phenotypic characteristics are directly linked to virulence, and hence refined phenotypic methods may still be an important additional tool for particular epidemiological purposes.
In M1 strains, a characteristic "invasive" REA profile was identified recently, based on the specific organisation of the high mol. wt DNA fragments.l' Although the present study, in examining a much smaller range of fragment size, did not reveal specific DNA bands associated with serious disease, a more comprehensive analysis of possible fragment polymorphism in different size ranges is indicated. Even highly virulent strains may cause disease only occasionally, hence strains collected from cases and close contacts of serious streptococcal disease should be compared with carrier strains from a non-endemic Ribotyping of group A streptococci has not been shown to be superior to REA for strain differentiation. 22 Multilocus enzyme electrophoresis is an elegant tool for epidemiological mapping, although identical electromorphs might be sequentially heterogeneous, particularly at the level of genetic sequence, owing to silent substitutions. Post-translational modification is another potential source of error.23 When compared with serotyping, multilocus enzyme electrophoresis has been shown to be more useful for epidemiological mapping and diagnostic differentiation of group A streptococci, although results did not fully match. 20 REA is exact and highly reproducible, but labourintensive and technically demanding. However, automated DNA extractors which yield highly purified 18-2 DNA, and an awareness of common technical pitfalls will undoubtedly increase the reliability and acceptability of this method, which provides information on the overall organisation of the chromosomal and, possibly, also of extrachromosomal D N A ; this could be useful in epidemiological analyses. In this study SF-REA had a resolving power which exceeded that of serological techniques.
